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Treatment-resistant Lyme artbritb k asodated with lnunune r-ctMtyb 
outer surface pfotcin A (OspA) of lkwreua fNlfgdor&i, the agtnt of Lyme 
disease. and the major biimpatibilih/ complex dass II allok DRBPolol. 
The immunodominant epitope of OspA for T helper calls was identifkd. A 
homobgy search revealed a peptide from human louhoqte functiorrjaod- 
ated antigen-l (hLFA-1) asa Gmdidate iWtoant@n.l~urlsWRbt- 
resistant Lyme arthrftis. but not other forms of artbri&gtneratcd rqonses 
to OspA, hl.FA-1, and their bighry retated peptide epitop% ldontJRcat)on of the 
initiating baaerial antigen and a croS-mafS!e autoantigen may prwlde a 
model for development of autoimmune disease. 

Lyme disease is a multisystem illness caused 
by infection with the spirochete BOW&U 
inugdor/m‘ (I). A prominent late tnanifesta- 
lion of the disease is Lyme arthritis (1. 2). 
About 10% of patknts with Lyme arthritis 
develop what we have termed antibiotic treat- 
ment-tesistant Lyme arthritis, which typical- 
ly dkcts one knee for months to years afkr 
multiple courses of antibiotics (I). Such pa- 
tients bave no detectable sphochetal DNA in 
joint fluid after antibiotic thetapy, which sug- 
gests tbat the spirochete has been eliminated 
by this trcabnent (3). Ekcause them is in- 
ereascd fiupcney of the HLA-DRBIWOI 
alkle in these patknts (4), an autoirnmnne 
etiology should be considered- The hyper- 
variabk 3 region (HVR3) at resimaeS 67 to 74 
ofDRBPO401 is asanciated with snsceptibil- 
ity to &utnatoid arthritis (RA) and is con- 
tained in at least 15 different DRBZ allcks 
(5). Most patients with pmlongcd tratment- 
rcsktmt Lyme arthritis have one of Ihcx 
homologous alkks (4). What antigen ate 
tbcsc class II molceu~ pcew.ltiIlg? 

Borrtrl~ burgdo#+i induass an immune 
IcspoQse ofexpandillg Ieaclivity to an may 
of spirocbetal proteins over months to years 
(6). Antibody reaetivity to outer surface pro- 
tein A (OspA) typically dewlops near the 

beginning of prolonged episodes of atthritis 
(7). T c-d lines fium patients with treatment- 
m&ant Lyme arthritis prnferential~y recog- 
nize Osp& compared with patients with 

txetttment-responsive disease. OspA-reactive 
type 1 TheJpcr(THl)eeUsamdeteeablein 
tbe synovial Uuid of individuals with treat- 
lnent-rcaistant arthritis yeal?? after Mtiii 
treatment (7). 7%~ tbesa patients may have 
progressed into an autoimmune state by de- 
veloping a aoss-nactive msponse between 
OspA and a self-antigen. 

WC used the DRBlwlol pepddc-bindkg 

algorithm(8)toMami~tbcsuxesforah 
nin5Icsiduepep~intbeospApobia~ 
qumectbataxltsinedan~poclct1 
anchxresidue-F,IMLT,V,orYdeo 
essay fix bindiig in the DRB1+0401 e 
tliOdiIlgCkitAccoFding~tbiS~~ 
pcpidcsvtisccacsgnarathsn2~likc!yto 
bindardhcabletnbeprcsaWbjc(hc 
DRBlWlOl mdecnk (8). -lbe bighestscoring 
pepide that vm identified OSpAlcra-tn. hui a 
~bindingsccreof6.5,andtbe~~ 
s-+x ieptide, &~4u,-z,,, adkved a 
acme of 3.7. To verify that these poptides 
eat bind to DRBl%UJl in vitro, the bin&g 
of ‘Y-labeled ml-7 (YRkMAlQ p* 
DRBlW4QI binding score = 5.9). whir& 
has the consensus binding motif for 
DRBl*tMOl (9). was measured when in 
competition with unlabeled 2Oiesidue pep 
tides from OspA. Only 0s~A,~-,,s, which 
contains the DRB I l 0401 -predicted don& 
nant epitope OspA,,,,,, inhibited bind- 
ing of the mdiolabekd peptide ml-7 to 
purified DRD1*0401 (Table 1). confirming 
the algorithm’s prediction. 

TotcatforTcellmactivityinvivo,wet&e 
use of class II-deficient mice tmnsgenic fix a 
chime& DRl3IWOl tnokcnk (DRBIWOl- 
tg)(9).AnyCD4+Tallrespmegmemtcdin 
tbcscmkeGlllhedirccdysttn~lottle 
pmence of the DREtl+tMOI mokcuk. The 
ElisaSpctasssywasluedformxsxinganti- 

Fig. 1. IFN-7 ElkaS@ analysis demon%mtes OspA, asthefunctjonaLhwnodominant 
epitope of OS@ in DRCtg mice. (A) Class !I-defident, %hh4Ol-tg mice immunized with whde 
OspA but not a control protein, mzdl whole asp.4 and OspA *,= spedficall . DftBlW01-tg 
micemrrimmun~inbothhhdfootpadswithcithtr50~L,?OrpA(44(Lglm orbumanspln& i 
chord extract (e 100 &ml) In compkte Freund’s adjuvant Fi days later, dtakkg poplit& 
lymph~mrrirdatcd~SX10SaLwcrc~~rrdwitl~dthtca~~e~dmdant. 
CD3 antibody, mAb 145ZCll. Q one of the fohow@ test antigenr hSCE (SO rg/tnl). OspA (10 
&ml), overlapping OspA 2O-mer peptides (10 pg/mt each), or medium atone. IFN-y production 
wes analyzed 24 hours later by Eli&pot (IO). Valwz born wells with medium akoe were 
rubtraaedfranMLucsfromwdlrthatcontaincdantigenAnb;gcMaeUNdas~~hg 
ZO-mer paptides spaming Spa. beginnlng with amino acid 17. Residues 1 to 17 contain the leader 
sequence and are themhe deaved drMg cxpcrt through the bacterial mrmbranc RcprcKntrtivc 
eqxriments of six OspA-irnmwriLed and two h!XE-immunized mica are shown. (6) DtWl~lOl-tg 
and (DRBl~lOl-tg X SJL)F, m&e imrmmized with whote OS@ recall OS&,,, as well as other 
cpitopes In cormast to the DRWO4Ul-tg mice. the DRBl~lOl-tg mice express murhe das It 
thereforr.a~trarrayofOrpAcpitopais~zcd~aknmts~pemwmtdar 
dexribedabovtOneafthncandomoftworepresentativeucpcrimentrrc~fa 
DR61=0101-$ and (DRB?*OlOl-tg X SJL)F, mice. rqectivd~/. 
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gcnspecif~ T all mactivity, a scn&ve and 
eftiiadtcchI+etbatalknvsdQctimofcy- 

( 
tokinepmduciionattksingkcdile+&ich 
mayoccurinthcabsulaofprolif.uation(tq 
WeiniwyaSayedforprodu&mofT,1arld 
TN2 cy&nes, interfcray @N-y), md inter- 
bkin-5 0, respcctivdy. Boib LFN-yqw 
dUCillgdJ.L-~CdiSwaCdctectod 
whenailsweredvatdwithaplydatd 
stimulus [an&cD3; tllomhd ateody 
(mAb) 1452Cl I]. In umtmst, wtm alls wcn 
stimuiatedwitbOspAantigm,lFN~pdw 
tiOllWllSdXtbt&WithessclltianyllOdC2CU- 
able IL-5 seuctioo (II). lhueforc. W of 
lFN-ywasuscdasthcrc%doutfordgcn- 
specific T cell mactivity in all subsqmt IS- 
says. DREtl+OMbtg mice wuc immmkd 
withoSpAandlymphn&cdkmrcstimw 
latcd wide overiapping 2cI-kduc pepidcs of 
ospfkthcimmumsrimulatuy~~cotTc- 
latip&sciywiththcqitqxspmfktcdby 
the DRBl’O401 algarithm (Fig IA). Immun- 
ization of the DRBL*0401-tg mia with 
OspbS.1, rsultcd in a recall ruponm to 
wtmk OspA in vitro (It). Hence., WC have 
idcniificd the immuho&uninant . 
OspAinthcwcxtofDRslWOl~~ 
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~wofospA,,,, tobcprcsclabyDRBf 
allelu dated to DRBl WOI 0, we pa- 
fhlcdthcssmeapaimentillmia~ 
fqr DRBI+olOl (II). ‘Ilu;pc tmqpic mice 
posmsaPcanprmrpkmcntofmrninccbIssR 
gaK$tinvdyprwidingdistiodnlajorhi2- 
toaxnpatWity aapkx (MHC) akks fa 
OSQApCptidC$JKSW&UElisspotall8ly- 
su of OspA-iumnkd DRBlWOl-tg or 
@REt1+0l014g x sJL)F, mice &mEd le- 
acMytoOspA,,,,,aswellastomamy 
ofothercpitopcs(Fig IB).inaMdIastto 
DRBlWl-lg mice, reactivity tovmd 
@Ml,173 dmdopdasaarbQminaat 
cpitopqsusuggestingtbatalmmati~dc(trmi- 
mnlsanavaWkforbimiingtixatcuddiafb 
WCdiSCZXdcvdopmarl~,tbeF, 
micehadsmponsctoOspA,,,,tlutwas 
thra tilm!s the lrspomc of DRBPo1014g 
micEThisisliMybeca~of~ofthe 
IlNIiOCI-EB’chain,tiichishOtllO~illthC 
HVR3toDRJ31’9401(5),tha&ypmvidiq 
lWiCCtktLUll3bUOfClS5SUmdCC4llU~ 

prrsentationofthisparticulatpeptidcTbuqm 
haveidenti~the~o6pA 
pcptidt- in tbc caltcxt of 
DRBIWl and found ttgt DRBl sad murk 

dassIIaUduhanotcllgousmDRI3lw1 ‘m 
lhcirHvR3callalsojacscnttbisepitopc 

We rcwchcd the Gcnctia Cotnput~ 
Group gene bank for human pmteins ammb 
ing stqurzlas - to -14547Y 
ofthc20pcptidcsmievcdwithtluhighest 
idmityandbomoIogyscms.twowcrcd 
human origin: WA-I (CDIWCDl& Inca 
grinaJ+>md4OSnisomalpnxkOnly 
the peptide contained in bLFA-1, hLFA- 
‘=I.m-34, attained a si@icf4m DR4-be&j- 
ing sane (7.3). with six-amino acid i&&y 
(-YvnmsKo, narconservd residm in 

it&a). suggcsing hLFA-I as a potmtial au- 
toantigcnThcpeptidtconlaimdwithmthc 
4CS ni6omal pmtcin seqmce (YV- 
LEGKfZtX) attain4 a DR4-biting SIYXC of 
0, mostly because of Lys at position pa, 
which is not toluated in the DR4-HVRJ (13). 
Tim hLFA-la,,,+, peptide is lowed cx- 
traodularly in lhc intcmctive or I-&u& 
thatmcdiatcstbc~gintuactiollbawca 
WA-1 and its ligand, intcnrlluiar adkkm 
tnolecuk-1 (IcAhA-I) (14). when the D&4- 
bitding &aithm was appkd to tbc attire 
Mcmain (amino acids 170 to 349), WA- 
.I~,,,adlkvdlhchighutpndiclulbiad- 

q - 0-r ~DspA, W hLFA-1 

--1 
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itlg sxrc (73). ncatiy twia tbat of the nad 
&id- scoring pepids b--lq,v,, 
~~rlgscoIe=43),andhigbcrthandlatof 

,-,,,. We dearmioed. by paforming 
thcpqltidebindillgcompuhionassay[median 
inltiitory oollccntzation (It&J = 0.7825 lllTq, 

8~ mA-l~,,-,.s. a IS-mcrcootainingtbc 
UYC tcsih 332 to 340. was capahk of biod- 
hg DREl+wol in vitro. 

To test the hypothesis that hLFA-I is an 
autoantigen in patients with treatment-rcsir- 
tant Lyme arthritis, but not in other forms of 
chronic intlammatory arthritis, we mapped 
the immunodominant cpitope of OspA in sy- 
novial fluid (SF) cells from II patient (4) with 
trcatmcnt-resistant Lyme altllritis (F?g. 
ZA) (IO). As in the DRBl*OQOl-tg mow, 
OspA,,-,, was immunodominant. We thca 
analyzed the antigen reactivity profile of SF 
T alls from patients with beatmcnt-resistant 
Lyme uthritis ss well as patients with other 
forms of chronic arthritis (Is). Elipot for 
IFN7 production (la) sod proliferation as- 
says (Ja) showed that people in a panel con- 
sisting of only those with Qwnnxlt-rcsistant 
Lyme arth&is have varying degrees of SF T 
all reactivity to whole OspA, OSPA,~~,~ 
as wdi as hLFA-1 (Fig. 2B). Reactivity to 
hLFA-1 is due to rcwgnition of hLFA- 
law26-w31 the region homologous witb 
OspA,,-,, (-Fig. 2, C and D). This reactiv- 
ity appws to &dop over time. u patients 
who initially showed no response to bLFA-I 
had marksd reactivity when tested I to 3 
month5 later (II). 

Borrt&3 burgdw/en’ sanu shicto is the 
otllysjhdlplsflzinassociat4dwithbeat- 
mm-fc&tantLymcarthrSs(t7)andQsole 
min that contaim the ChpA,,~ sqtcna 
that is highly rdatd to ~LFA-IQ,,-,,,,. Mu- 
rinc LFA- I a diffbs significardfy fmm WA-1 
atthispatticularepitopt,providingancxpluna- 
tioILforQdly&unicLymcart&itisdocsmt 
devdop in DRBPO4Ol-lg mice cxpwd to B. 
tifd m 

danonmatlon of aut~vhy against 
hLFA-1 ~mputic&r,thcpr&Sedcmwreac- 
tiVCcpitopc)illpWithtl#nQlt~ 
LyIlXa&litiSSUggCStStiSStbiSd&tSCiII- 

REPORTS 

volvs an autokmuw F-=-Hrmevcr,J- 
thoughthegMcticpadispoaitialfbrdcvdop 
IiKnt of Izlwnmt- Lyme althritis has 
becr1ax&tcdwithDR4,ul:cam~1t~leout 
otherJgenuiqMvimMlcotl2and~ 
fhaorsthatrnightbeinvolvcd.Asmallkad 
above,lhcHvR3oftbcDRBlclluinsassoci- 
atcd with RA posscsKsasha=fcpitopc* 
rc3iducs67to74(5).Mostpatia@witbsewrc 
RAcanyatkstmalldcthatumtidnsthc 
shared epitcpc scquavx of DRBPo4ol. 
hMafotth~tous.MRA-asmciamdul- 
ldC(Z).hldividU8lSWhodCvCklptbCmorrtSC- 
vaefonnofRAtypicaliykwetwoRA-ww 
chtcd allcla (18). HLA typing of our p8nd of 
11beatmcnt~Lymcrrtfuitispatialts 
mvcaled that 7 posFsscd at leut one RA- 
as6ociatuiaIkle(Is),aad9msdtanspometo 
hLFA-1. Patient 11, who was homozygou for 
DRB1+0401,qmodedfburtio~~mnvigor- 
ouslytoOOspAandhLFA-lthanthcncxt 
kGghest~.lnpstialtswifhothcrfbrlns 
ofarthritis,thepRsaceofMRAssocioted 
alklc hy its&was not s fiw indwion 
ofanCkpAorhLFA-1 nspor~~~+asatlca.stfwc 
ofthenincwmtldpatknBpmschscdaaRA- 
ttrmcbd allele (Is) yet made no rcsponx to 
ChpA or hLFA-I. ll~m priming by B. tvg- 
dorferii&&XlOratlcoSrWithOSpA~ybC 
IlqlbedfudcvciopcnmtofMautoimmune 
rrqonsctohLFA-I.Othcrfawsmayalsohc 
involved in &vdopmmt of tnstnwt+Gstant 
Lymeardllitiq8s5omctImahwt-lcsismntpa- 
tkntswhodonotpo6suslulRA4Mociatcd 
alkle make a ruponsc to bLFA-1 sod some 
patknts with trratmw~istantLymc~ 
&notrtspondbdth~.rO~pA~hLFA-l(Flg. 
w 

OothcbasisofcurDRB1~1-restricted 
OspATccllq~itqKmappingdn@asuzUas 
pmiUlSWO&iXl immtmc~alldcyto- 

kincprodL4c6alinrupcu6ctoinfbctioawithB. 

burgdarjen’(7),wcpropoKamoddoalmwm 
imrnmle fractim to& t4ug&&~nligbt mlllt 

indcvclopmatofanaumimmwwwspoo9c 
qainst hLFA-I: B. faug&+i caters the bst 
viaatickbitcanddissaninateJtomulQle 
tistm.Monthsktcr,ahighly’” WY 
immuneltspomcdcvdopsinfhcjoidandthis 

T&e 1. Inhibition of ml-7 peptic% Mndbg tn DRBl~l(15) by 2Desidue peptIdes of OspA. 

Niiidue 
pepti&with 
rppmprirtc Pl 

-et 

nqxmseisdominataibyT,l~~ 
iIlgCdlSthlitCOtltSittCkpAllZtCtiWcdkWC 
proposcthatthchighlocalcuhxotratiooof 
IFNI up-rcgukts cxph of IcAM- (19) 
onfq7m~udsymviPlfibrobtagtrrs 
wdlasofMHcclassIIlnokwksan~lool 
plc&sGalal Md naqYofdoaal antigayw. 
seating cxll.l @PCs) (19). This athnnad 
ICAM-lexpnsiooleadstorwuitmtnfof 
LFA-1 apmssing adk, in partic& actiMQd 
T,l a&. The cunbii of ckvatcd LFA-1 
uplu3ioQotTaIlsand~pkrs 
MHcdmsIIup-rcguktiononApcsmaync 
suit in increased LFA-I peptide prw!ntation by 
macropbagtsdsyooviocytts &bPf- 
cesse!ddtbutodogcnanorpbag~ 
LFA-1 (20). Hcocc, a vicious cyck is initiated 
so~cvcnaftcrclimidmofthcrpimchdes 
byElIltiitiCthSIapy*tbCCk&X&dTCClJS 
rut@ activated by sfidatkn with LFA-1. 
l-be tdcase of sammatory cy&nes by tbcsc 
a&UtCdTCCtlsEXIXimSlClUp~mPythcn 
ruLlltintissadamageMdpitltdcstnrtiaa 
PO- 
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Pioneer Axon Guidance by 
UNC-129, a C. elegms TGF-f3 

Antonio colavita. sdkant Kridma. Hong zhellg. 
Richard W. Padgett, Joseph G Cdotti+ 

The WK-129 gene, like the uric-6 netrin Igcnc. is requiwd to guide pioneer 
motwaxwiilongthedorsavrntnl amis of Gemah- dqans. MC-129 
encodes a member of lhe tmsformIng gmvlh fa30r+ (TGF-f5) speffady 
ofsecretedsignahgmokubandise%p=sedindoKalbutnotmCralrows 
of body wall musdes. Ectopic exprwh of WC-129 fmm ventral body wall 
murdedirropts~~emdallml~tiwthanwrmltyocacralong~ 
dorsoventral axis. Thus UNC-129 mediates ucprcrJ;ion ofdwsoventi pobrfty 
information required for axOn guidance urd guided sa4 m@athns in C ekgans. 

Axon guidance along the dorsovcntnl (WV) 
axis of animals of diverse phyia involves 
secreted, laminin-nlatcd. UNC-6/natrin guid- 
ance cues (I). The signaling pathways rcci- 
vated by thc5c mokcules Kc@? the UNC-5 
and UNCWC tranamcmhmne rrnptor 
families (2-4). In C. ekguns. mutations in 
wzc-129 (5) cause defects in the dorsally 
oriented trajectories of motoraxons that rc- 
aanble hse pm.scnt in u11c-5. unc-6. and 
fmc-40 mutants (5, 6). 

A65-kbgcnornics&ckmcofwsmid 
Cs3D6 was able to rescue the lmcoordiMted 
phemype of unc-129 mutate after gamlhe 
ttaosformation (7.8) (Fig IA). kquaze anal- 

~~bytfrcCelexanP~~aa- 
StXtbI(9)dKJaSiIlgkapenrrading 
fiameollthistiagInmttntatcoIksaprotehl 
l&tCdtotlICTGF+Slp&bly.TllCCoKC- 
spending L5-kh cDNA (IU) inch&s 5 CXOM, 
34bascpsiIs(bp)of5’ll&wb@lcgial 
(urQru!d281 bpof3’uIRandisptulii 
tocncodcapmteinof4O7aminoackb(Fig. 

ACd.witaH.~J.GCubtUbmudLunenfdd 
ltesedlLRZtjMLf4olmtslnai~1mwt4 
Omariof45C1X5.~udDepabn&dMo- 
I& and Mcdkal Cmetks, Unlva-sity of Tcmmm 
onw-io I455 1Aa. Gr&& 5. Krkhna and R w. 
pw&-wp InsUtwL apvvnm d f4cku- 

9lodwmistry. and the cancu lmtltuta 
d New Jtney. Rurgen Ur+msky. Pbutawy. NJ 
OSJW-CKQQ us4 

IB).Nodan(RNA)adyaisofwiId-typc 
aSNArcwalcdasingktraasaip(II)~ 
kntwith?hcsizcofofcDNA.Thc65& 
madflggarornic~gmelltinchdcJ3kbof5’ 
p~nmtcrmAti--4.5 
kbof5’pmmoter!4eqMKzfusedtotheMc 
129cDNAwasfbktoreScUcthcphaIotypcof 
unc-129 maants, indicating that thaz NIX m 
easudbItqgIllakxyelemult.5inhllIunaorthe3’ 

sequayx (12). 
UNC-129 aharcs features with the TG&$ 

supcrfdJy, including a signal sequence, a 
pmd~maiq and a COGH-termiarI region that 
containsfleven umscfvcd cysteincs (13). The 
UK-129 CGGH-tcmid sequence identity 
ranges fhwt 33% with human BMP-7 to 24% 
with TGF-@. Thus, we129 likeiy tepra 
s&s a subhatiiy of the TGF-@ supcrtamily. 

tSquace analysis revealed the absatcc of 
&does in UNG129 that would be expuxcd 
hctwcm the a-helical region and 8 sheet of 
TGF+ mokulcs (Fig IC) (II). This inteq 
domsin region forms a B turn with a pmtrud- 
ing loop accessible to SolvcaL The three- 
dimensional structures of TGF+I and TGF- 
f32 differ at this site, which may pmmote their 
differing receptor-binding afbities (15). De- 
letion of the loo9 in TGF+ 1 abolishes cutain 
TGF+l-mediated nqonses (16). Without 
kuowlcdgc of the crystal - of UNC- 
129. it remains unclear whether the missing 
miducs form the COOH-tuminal end of the 
long ahelix or affect rrctptor specificity. 
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-Lyme Vaccine 10/24/00 8:59 PM 

SAFETY/EFFICACY CONCERNS RE: LYME VACCINE: LYMErix 
Joel M. Shmukler, Esquire 
JmsDaesa@aol.com * 
Click here for Full Disclaimer 

BACKGROUND: 
Lyme disease is a multi-systemic infection caused by infection with the spirochetal bacteria, 
Borrelia Burgdorderi. It is the most common vector borne illness in the United Stites. It is one of 
the leading infectious diseases in the United States. The actual incidence of lyme disease is 
unknown, but it is known that the reported statistics which are based on surveillance criteria, 
underreports the actual incidence of the disease by excluding known cases which do not meet the 
criteria. Surveillance criteria are used simply to get a sense of the rate of growth of an infection, not 
the true incidence of it. 

A recent study in NEYOM reported that doctors routinely fail to report even cases that meet the 
surveillance criteria because of cumbersome reporting procedures and a distaste for paperwork. 
That study estimated this underreporting would result in 10 times more cases being repoxted than 
are currently reported. In addition, misdiagnosis of the disease is prevalent, increasing the impact of 
underreporting by an unknown factor. Almost 100,000 cases have been reported to the CDC from 
1982-1996. During that time the reported incidence of the disease increased by at least 32 fold! 

The disease has been reported in almost all states, although certain regions of the country are 
considered endemic, and some considered hyperendemic-there appear to be geogsaphic clusters of 
higher infection. Infection varies from state to state, and even within states from county to county. 
While the surveillance of the disease leaves a great deal to be desired, two trends are clear-first, the 
incidence of the disease is increasing rapidly; and, second, there appears tobe a spread of the 
organism to new areas. 

LYMErix is a first generation, mcombinant OSPa based vaccine. It has a unique mode of action for 
vaccines. It stimulates specific protective antibodies to be produced in the person vaccinated against 
OSPa, immunogenic&y (the process of triggering protective antibodies). However, OSPa is not 
usually found in the human host, and it is thought that the bacteria changes its o&z surface 
(triggered by heat) when moving from the tick vector to the human, this is called “upregulation” and 
“antigenic shifting.” 

So theoretically OSPa would not be a good candidate for a vaccine in humans, in whom OSPa is 
not generally found or detectable. It is thought that the mechanism of action is that when a tick bites 
an infected host and consumes a blood meal where the blood contains antibodies TV OSPa that 
these antibodies kill the bacteria in the midgut of the tick where OSPa is not only detectable, but the 
dominant outer surface protein. Thus, the bacteria are killed before transmission occurs. 
TlleO~tically. 

I. EFFICACY ISSUES: 

A. EFFICACY UNIMPRE!3SIVWOVERSTATED: 
The commercials (that we have all seen) for LYMEZRix state that the vaccine, like all vaccines, may 
not be 100% effective. That much is true. How effective is the vaccine? The commercial, the 
literature and news reports have cited an 80% efficacy rate in preventing “definite” and 
“symptomatic” lyme disease. However, if you include the category of “possible” lyme disease as 
well, the overall efficacy rate is 68%. If you include the category of “unconfiied” lyme disease, in 
which the vaccine has negative efficacy, or some percentage of those cases, the efficacy rate is even 
lower, closer to 50%. The reported efficacy figures depend upon a semantic/definitional game-by 
creating different categories of vaccinees for the statistics Smith Kline has hidden the ovemll poor 
efficacy of this vaccine. The category of “unconfirmed” c&es is the best example. The vaccine had 
negative efficacy in these categories, aud by excluding this category they have effectively art5cially 
inflated the efficacy numbers-a disturbing number of people got sick with something but due to 
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the absence of laboratory confirmation Smith Kline did not count any of these people as having 
gotten lyme, though they may have had every symptom. Does this make sense when lyme is a 
clinical diagnosis? And, perhaps this tells us something about people who don’t develop a rash, or 
detectable antibodies. Perhaps the vaccine is altering the natural presentation of the disease. These 
unimpressive rates are only achieved after the third shot, now schedulled a year after the first shot is 
taken. Accelerated dosing schedules are in trials, but reliable data has not been reported. (See tables 
1 and 2). 

It is interesting to note that the Smith Kline study did prove that lyme disease is hyperendemic, and 
seriously underreported Vaccine recipients live(d) in endemic areas. The group receiving vaccines 
and placebos showed per capita infection rates in the study exceeding loo0 per lOO,ooO, both in 
year 1 and year 2, even following vaccination! 

Another interesting tidbit arose from the study. While the data has not been published it has been 
presented showing that 35X% of people in both the Smith Kline study and the Connaught study 
who developed lyme disease with confirmation by PCR testing and/or culture, were negative by 
conventional serologic antibody testing. In addition, there is obviously an additional percentage of 
people without any laboratory evidence of lyme disease, who contracted the disease-given the 
problems with all lyme testing, a known population of seronegative patients, and the fact that the 
diagnosis of lyme is ultimately a clinical one given the unreliability of the testing. 

B. EFFICACY ONLY ACHIEVED AFTER 3 SHOTS: 
After only 2 shots the efficacy rates are even less impressive, 57% in preventing “definite” and 
“asymptomatic” lyme disease. lf you include the category of “possible” lyme disease the overall 
efficacy rate is only. 46%. If you include the category of “unconfirmed” lyme disease, in which the 
vaccine has negative efficacy, or some percentage of those cases, the efficacy rates are even lower 
than that. So after shot 1 and shot 2 and before getting shot 3 the benefits of the vaccine am 
especially dubious, especially when weighed against safety concems. Until the third shot then, 
currently schedulled a year later, efficacy is unimpressive, dubious at best After the third shot 
efficacy rates improve, however, protective antibodies begin to diminish quickly and we know that a 
year after shot 3 (whenever given--even on accelerated schedule) they have fallen to close to where 
they are after 2 shots, to unimpresive levels of protection. (See table 2). 

C. DURATION OF PRO’I’ECTION UNCERTAIN/LIMITED: 
We know that the protection conferred after 3 shots does not last, and Smith Kline has reported that 
protective antibody levels drop to the level achieved after 2 shots in less than a year after the third 
shot. So whatever protection is conferred, diminishes quickly. So additonal booster shots will 
definitely be needed, but the safety, efficacy and timing of such shots has not been studied, tested or 
approved so safety and efficacy of additional shots, which is of concern (additonal shots may 
trigger problems, aggravate problems from previous shots). No FDA approval has been sought or 
obtained for additonal shots. Data is being reported anecdotally only by Smith Kline. They may not 
seek FDA approval for boosters, instead relying on doctor’s right to use approved medications for 
“off label,” (unapproved) uses. 

D. BOOSTERS WILL BE NEEDED/SAFETYlEFFICACY~G NOT STUDIED/NOT 
APPROVED BY FDA: 
As stated above, additional booster shots will be necessary following the 3rd shot. We do not know 
the optimal timing, safety or efficacy of such shots, and such shots have not been approved by the 
FDA. Safety and efftcacy issues remain, and are potentially more: dramatic than the same issues 
after 3 shots only. Safety concerns include additional boosters causing, aggravating problems 
caused by the first 3 shots and perhaps remaining undetected. A third booster could overwhelm the 
immune system, or overcome tolerances to side effects that lasted through the first 3 shots. Nor do 
we know whether additional boosters will provide the same level of protection as the 3rd shot does, 
Why, knowing that boosters would be needed, did Smith Kline seek approval based on studies that 
did not address these issues? Perhaps they are aware of problems, frightened by what formal data 
may show? The unanswered questions abound. 
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E. VACCINE DOES NOT PROTECT AGAINST ALL STRAINS OF LYME: 
Lyme disease, caused by the bacteria Borrelia Burdorferi, has exhibited genetic variations, known as 
strains. While there are three major strains of lyme disease found in the world, there am substrains 
by the hundreds. Limited research has been done but strain variation has been associated with 
variant symptomatic presentation. In the United States where one major strain is found, almost 300 
variant substrains have been identified. Smith Kline states that the vaccine has not showed 
substantial variability in efficacy against strains tested. How many strains have they tested? What 
safety issues are involved with variant strains and the vaccine? Connaught., which is developing a 
recombinant OSPa vaccine, similar to that which Smith Kline is marketing, has recently entered into 
an agreement with MedImmune to co-develop a vaccine based upon DbPa, to address the problems 
of strain variation. The reports from MedImmune indicate that OSPa is not protective against many 
“wild” strains found in the field. It is thought that DbPa may protect against most/all strains. 
Whether this is true or not, it is clear that OSPa is problematic in this regard Also, Smith Kline and 
Pasteur Meriux Connaugt (PMC) were in a race to market with their OSPa vaccines for several 
years. One has to wonder why Connaught has not sought final approval for their OSPa vaccine? 
The studies have been finished for a long time. No new data is beiig collected in trials. Has PMC 
abandoned their OSPa vaccine because of safety and efficacy issues, not to mention lawsuits 
arising out of the trials? Does the deal between PMC and MedImmune indicate that PMC 
recognizes that OSPa vaccine is a failure (although maybe a good first step in developing a vaccine 
that will be safe and effective in the future). 

F. VACCINE NOT EFFECTIVE IN PEOPLE > 70 YEARS OF AGE: 
Older people were included in the study but the vaccine proved to be less effective in them than 
IS-69 years old so the vaccine was not approved for use in this age group. It is uncertain why this 
variant result occurred. 

G. EFFICACY RATES MAY HAVE BEEN INFLATED BY AWAliENESS: 
Those who participated in the trials were obviously aware of, and concerned about lyme disease (or 
they wouldn’t have volunteered for the trials-they were not paid). Part of the study design called for 
vaccine recipient education-thus these people may have taken more precautions than the ordinary 
person, thus lowering infection rates overall. H. WERE ADVERSE EVENTS FAIRLY 
REPORTED/DOCUMENTED: Both the Smith Kline and Connaught trials resulted in the filing of 
a number of lawsuits. One of those suits alleged, among other things, that adverse events were not 
promptly and honestly reported to the FDA. Anecdotally, many participants who developed illness 
reported that the doctors involved in the studies were dismissive of their complaints, rather than 
thorough in evaluating the question of whether an event was related or unrelated to vaccination. 

II. SAFETY ISSUES: 

A. PEOPLE WIT.H A PRIOR HISTORY OF LYME MAY BE AT RISK: 
This may be the most serious safety issue associated with the vaccine. The target group for this 
vaccine is people who live in endemic areas. We know that these areas feature high incidences of 
infection, including “asymptomatic” infection, undiagnosed infection, and misdiagnosed infection. 
It is impossible because of the unreliability of laboratory testing to screen candidates for the vaccine 
for lyme disease effectively. People with a recent history of lyrne were excluded from the study. 
People with a more remote history of simple infection were included, but comprised only a small 
percentage of people in the study ( total of 11% self-reported prior history--only 2% with serologic 
evidence for their prior lyme). These people were not studied as a seperate high risk group but the 
Smith Kline study does admit that people with a prior history of lyme did suffer from a higher 
incidence of adverse effects from the vaccine. These side effects were greater in number following 
the 2nd and then the 3rd shot. What the effect of additional booster shots will be is unknown. 
Analytically it is obvious that the study design, and data reported, deliberately glossed over this vital 
safety issue. 

B. VACCINE NOT SAFE FOR CERTAIN TISSUE TYPES: 
Two tissue types, HLA DR2 and HLA DR 4 have been specifically associated with a risk for 
chronic, destructive arthritic symptoms caused by lyme. These seem to be unresporrsive to 
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“adequate” antibiotic treatment, even when initiated promptly. It is theorized that this is due to an 
autoiimune mechanism, triggered by the infection, and likely because of molecular mimicry--the 
bacteria shares certain genetic traits with our own tisse; antibodies formed to attack the bacteria, 
attack our tissue. Similar associations have been made with a smaller percentage of people with 
other tissue types as well. Recently a specific mechansim for this autommunity has been proposed, 
and documented, for people with the tissue type HLA DR4. There is a link between OSPa and this 
mechanism and it is feared that OSPa vaccination may trigger this process, even ia the absence of 
bacterial infection. OSPa vaccination in animals has triggered severe destructive lyme arthritis. 
Studies of other tissue types relative to this concern have not been performed. Dr. Steere, piiucipal 
investigator for the vaccine has expressed “concern” over this general issue. Additional booster 
shots may exacerbate the problem. The vaccine was approved without even a warning concerning 
this issue, and without instructionsto screen candidates for tissue type and not vaccinate people 
with affected tissue types. Other tissue types may be at similar, or lesser risk-this is unknown.~A 
number of lawsuits were filed against both Smith Kline and Connaught during the trials claiming 
adverse events. However, the study reports no such adverse events. What happened to those 
people? Anecdotal reports have been received about such events, and some are reported in the Lyme 
Alliance News Letter. Other information may he found on the Lymenet web site. .If such incidents 
occur, report them there, and, even more important, make sure they are reported the the FDA 
Vaccine Adverse Events Reporting System (VAERS). 

C. PEOPLE WITH OTHER HEALTH CONDITIONS MAY BE AT RISK:: 
People with health conditions including arthrtitic condtions, muscoloskeletal disorders, certain 
cardiac problems, neurologic problems, immunodeficiencies, a history of alcohol or drug abuse, and 
those receiving long term antibiotic treatment for any illness, along with those with hypersensitivity 
reactions to previous vaccinations were excluded from the study. So were those who had received 
treatment for lyme disease within three months of the study. Pregnant mothers were also excluded. 
Thus, the safety and efficacy of the vaccine in these groups has never been &died, and the vaccine 
caunot be said to be safe for them. 

t D. VACCINE NOT APPROVED FOR CHILDREN ChiIdren were not included in the 
original study and the vaccine has not been approved for use in children. Trials involving childmu 
are under way now. I would not permit a child of mine to participate. 

E. VACCINE NOT EFFECTIVE IN PEOPLE > 70 YEARS OF AGE: 
Older people were included in the study but the vaccine proved to be less effective in them than 
1569 years old so the vaccine was not approved for use in this age group. It is uncertain why this 
variant result occurred. 

F. SHORT TERM FOLLOW UP/LIMITED STUDYz 
Another serious issue involving study design is the short term follow-up of the study. Vaccinees 
were only followed during the study and then for less than a year afterwards. Thus, any mid to long 
term consequences of the vaccine, problems that might not be detected within the time frame of the 
study, could not have been recognized. Furthermore, while 11WO people were involved in the study, 
only half received the vaccine. It is very possible that adverse effects from the vaccine in the broader 
population might not have been detected. Remember that a serious adverse event that occurs to 1 iu 
1000 people sounds insignificant. However that figure translates into 1000 people in l,ooO,OOO. 
Now it sounds more significant. One final note, the lack of long term follow up is of great concern 
in a disease that may become latent and then reemerge later as lyme is known to do. 

. 

HI. OTHER ISSUES/CONCERNS: 

A. VACCINE DOESN’T PROTECT AGAINST ALLCASES OR OTHER TICKBORNE 
DISORDERS/DON’T ABANDON OTHER PROTECTIVE MEASURES OR GET A 
FALSE SENSE OF SECURITY: 
Since the vaccine does not protect against all strains of the Vaccine, or 100% of recipients, and since 
protective levels are lower following shots 1 and 2, nor does the vaccine protect against Babesiosis, 
Ehrlichiosis, Rocky Mountain Spotted Fever, Tick Born Encephalitis, or a variety of other less 
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common tickbome diorders spread by the bite of the same tick, it is vital that people in endemic 
areas not lower their vigilance with regard to other protective measures (i.e., property management, 
proper attire, personaI repellents, and tick checks). A false sense of security could lead to serious 

( 
consequences. These facts shouM be carefully explained to all vaccine recipients. 

B. VACCINATION WILL CONFUSE ALREADY PROBLEMATIC TESTS MAKING 
DIAGNOSIS EVEN MORE DIFFICULT: 
Because the vaccine itself will cause certan antibodies to be produced, the appearance of these 
antibodies will confuse existing testing geared to those antibodies--the tests will not he able to 
distinguish between antibodies caused by vaccination as opposed to those caused by infection. 
Rather thau question people tested for lyme as to whether they have recieved the vaccine, the tests 
have been reconfigured to discount certain significant and unique antibody responses. Thus, 
already reliable testing has been rendered even less reliable-and this affects both those who recieve 
the vaccine, and those who don’t. Diagnosis will be even more dif%ult, and people put at greater 
risk for a delay that worsens the prognosis for treatment. Prompt diagnosis and early treatment for 
proper duration, at proper dosage is essential in preventing sequelae of the disease. This will be 
more difficult now than it has been. Further, as mentioned above, a large number of patients in the 
vaccine trials developed illnesses that could not be confiied as lyme. Perhaps this means that the 
vaccine alters the natural presentation of the disease, and perhaps the natural course of infection. 
We simply do not know without extensive additional study. 

C. FDA/MEDICAL COMMUNITY HAS RESERVATIONS ABOUT LYTt4ER.k: 
The vaccine was approved with a record number of reservations by the FDA and the approval came 
in record time, and in an atmosphere of pressure on the FDA to generally speed up their drug 
approval process. This atmosphere has been created by disease advocacy groups exerting political 
pressure, in particular, HIV/AIDS patients. Unfortunately, while HIV/AIDS patients have received 
new drugs in record time, the pressure has been applied across the board and numerous drugs have 
been approved but then pulled from the market recently due to safety issues. 

i IV. THE BOTT’OM LINE: 
Given all of the above it is apparent that the approval of the vaccine was premature. Dr. Steere, 
principal investigator for the vaccine, has expressed concern over its long and short term safety. The 
FDA approval came with a unique number of reservations and concerns. Other researchers have 
simply stated that this vaccine is not safe for human beings. Vaccines given to dogs have turned out 
to have previously undetected long term consequences, and have never been particularly effective. 
Dr. Seem himself has declined to receive his own vaccine. The vaccine is expensive ($60430 per 
dose, with three doses needed in the first year or earlier, and boosters needed but no one knows 
when, or how often). 

Study design glossed over the biggest safety issues with the vaccine. Anecdotal reports of adverse 
events are flowing in, but have heen denied by Smith Kline, as they were during the trials, despite 
the fact that several ended up in litigation. All of the above data is based upon Smith Kline’s own 
studies--there may be reason to doubt the accuracy of this data, especially because the integrity of 
many of the researchers has been questioned, and their aptitude for diagnosing lyme disease is a 
matter of some debate amongst patients and clinicians. There are at least two schools of thought 
when it comes to lyme disease issues; it is fair to say that the researchers involved represented only 
one school of those schools. 

If there were a safe and effective vaccine, lyme advocates would be wholeheartedly endorsing this as 
au additional tool to add to the arsenal of protective measures available to guard against, or 
minimize the risk of contracting a potentially devastating illness. These advocates have no vested 
interest in preventing a good vaccine from getting to market. Smith Kline does have a vested interest 
in marketing the vaccine in which they have invested millions of dollars. 

The dubious benefits conferred by vaccination with LYMErix are far outweighed by the known 
safety issues, and the many unanswered questions. 
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Definite Lyme Disease 
Any of the following clinical manifestations observed by the investigator 
and at least one confirmatory laboratory test. In subjects with erythema 
migrans, a photograph of the lesion was also required. 

I clinicalmwu.f~tations 
! Erythema migrans (an expanding red skin lesion, often with 

I 
partial central ckaring) 
Neurologic manifestations (meningitis, cranial neuritis) 
Musculoskeletal manifestations (with objective evidence of joint 
swelling in one or a few joints) 
Cardiovascular manifestations (atrioventricuIar block) 
Ilaboratory con.rmaz&n 

I 

Positive culture for B.burgdorfti from skin-biopsy sample 
Positive PCR result for B.burgd@ii DNA from skin-biopsy 
sample, cerobrospinal fluid or joint fluid 
Semconversion on Western blotting (defined as a negative result 
followed by a positive result) 

Positive Igh4 blot-at least 2 of the following 3 IgM 
bands: 23kd (outer-surface protein C), 39kd, and 41 kd. 
Positive IgG blot--at least 5 of the following 10 IgG 
bands: 18,23,28.30,39,41,45,58,66. and 93 kd 

Laboratory-confirmed asymptomatic B. burgdorferi infection 

No symptoms 
IgG seroconversion on Western blotting between month 2 and 
month 12 in the first year or between month 12 and month 20 in 
the second year 

Possible Lyme disease 

Influenza-like illness--fever, fatigue, headache, chills, muscle 
aches, mild stiff neck or backache without cough, coqza, 
diarrhea or vomiting-- with IgM or IgG seroconverion on 
Western blotting 
Physiciandiagnosed erythema migrans lesions >5cm without 

f 
laboratory confirmation 

SUnconfirmed Lyme disease 

j All suspected cases that could not be confirmed 
1 

Table2. 

Tabk 1. 

. 

, 
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l Tables 1 & 2 are taken from Steere, et al. Vaccination against Lyme Disease with Recombinant 
Borrdiu burgdorferi Outer-Surface Lipoprotein A with Adjuvant [Original Articles] N Engl J Med 
1998 Jul23;339(4):209-215 
l These tables are moditied for the web. Errors are my own. 

PRESENTATION FRIDAY APRIL 9,1999 
12TH ANNUAL LYME DISEASE FOUNDATION SCIENTIFIC CONFERENCE 

Ronald Scheil PH.D. 
University of Wisconsin School Of Medicine 
Wisconsin State Laboratory of Hygiene 
465 Henry Mall 
Madison WI 53706 

OspA Induces Lyme Arthritis In Hamsters 
Cindy L. Croke, Erik L. Munson, Steven D. Lovrich, John A. Christoperson, Monica Remington, 
Steven M. Callister, and Ronald F. Schell. Wisconsin State Laboratory of Hygiene. and 
Departments of Medical Microbiology and Immunology and Bacteriology, University of 
Wisconsin, Madison and Microbiology Research Laboratory, Gunderson Medical Foundation, La 
Crosse, Wisconsin 

Recently we presented evidence that adverse effects, particularly severe destructive Lyme Arthritis 
(SLDA) can develop in vaccinated hamsters after challenge with Borellia Burgdorferi sensu lato 
isolates. Hamsters were vaccinatee with whole-cell preparations of inactivated B. Burgdorferi sensu 
strict0 isolates in alum. SDLA was readily evoked in vaccinated hamsters after challenge with 
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homologens or other B. Burgdorferi isolates. Arthritis was evoked before high levels ofp~t,ect.& 
borreliacidal antibody developed or after the levels of protective antibody declined. We now show 
that vaccination with recombinant OspA, the vaccine against Lyme disease, can also induce SDIA. 

! 
Hamsters were vaccinated withe,30,60, or 120 mg or recombinant Osp A or an Osp A vaccine for 
dogs. Eleven days after vaccinahon with the recombinant Osp A, vaccinated hamsters were 
challenged in the hind paws with 10 (to the 6th power) B. Burgdorf’eri isolates 297 or C-l-l 1. 
Swelling was detected 7 days after infection, peaked on day 11 and gradually decreased. In 
addition, histologic evidence or erosive and destructive arthritis was demonstrated in the hind paws 
of Osp A vaccinated hamsters challenged with B. Burgodrferi. These findings demonstrate that 
vaccination with Osp A can induce adverse effects. Vaccination of humans with OspA should not 
be reccomended until the vaccine has been shown to be incapable of inducing SDLA. 

ADDITIONAL LINKS: 
Lvme Disease Human Vaccine Inforrnatiot& (This is the first place to look!! !) 
Smith Kline Prescribing Info 
All About Lvme Disease Prevention (Smith Kline Site) 

Lyme Gruups On the Vaccine: 
LDRC Phvllis Met-vine OnLvmerix 
LvmeNet - LvmeNet Vaccine PO- Pauec 
LvmeNet - LvmeNet Vaccine Freauentlv-ed Ouestions 
,J,DA NJ Vaccine Position Pauer. 
LDF Hone or Hvp& 
Sheller Ludwip & rix Class Action law firm website) 
CoInn~~td~l~ 
co Dn n . 

Personal Storie.dl5perience.s with the Vaccine: 
SnotliPht on Lvme. brought to vou bv the Lvme Alliance 
m 
Lvme Vaccine Hone or Hvne? 
Prevention1 
P rso 1 Stories of Lvme disease 
D&r ;;“r Malloy 
Vaccine Volunteer 
Particinant Ouestions Vaccine Safetv 
Lvme Disease Vaccine 
A BCNJZWS.com : Lawsuit Over Lvme Disease Vaccine Risks 
Emerging Drugs and Devices - J.YMEr& 
Consent form for vaccine trials 

Important Medical And Journal Articles: 
SDLA in Hamsters IA1 - Abstracts: Croke et al 68 (2): 6% 
The Lvme Disease Vaccine: ConceotiQ&... Annals 18 Anr 00 
0 SDA Induces Lvme Arthritis in Hamsters 
JAMA Letters Lvm Disease Vaa 
Limitations of the OtnA Vaccine for Humans: A Review 
Clinical Discussion - Limitations of OSDA Vaccine for HumanK /A> 
Medimmune/PMC DBPa Vaccine 
FDA APPROVES RRST LYME DISEASE VACCINE 
Recommenda tions for the Use of Lvrne Disease Vaccine by the Advisory CoHynit& on 
Immunization Practices (ACIP\ 
Corresnondence -- l’E@l 1998: 339: 1637-1639 
NJZJM Original Vaccine Article Abstracts & Editorial NFJM 1998: 339: 4 
Steere OSPA Vaccine SKI? Original Articles -- NEJM 1998: 339: 209-7.15 
SiPal OSPA Vaccine PMC OriHnal Articles -- m-9: 216-222 
Editorials Lvme Vaccine A First Sten - NEJM 1998: 339: 263-264 
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